














R E S E A R C H  A R T I C L E  
Use of bio-waste as fertiliser for the protected vegetable 
cultivation  
Sử dụng chất thải hữu cơ làm phân bón canh tác rau trong nhà kính 


































between	demands	 of	 organic	material	 for	 improving	 the	
soil	 fertility	and	to	use	as	organic	 fertiliser.	Often	stables	
with	a	large	amount	of	dung,	as	in	Germany,	are	not	avail-




fertiliser	 is	 the	use	of	digestate	or	 composting.	 It	 can	be	
observed	different	 trends	 in	agriculture	one	 is	 related	 to	
the	 fertiliser	 supply	of	crops	and	another	 to	 reuse	of	or-
ganic	 residues.	 For	 sustainable	 cultivation	 of	 vegetables,	
















availability	 of	 specialised	 vegetable	 farms	 and	 in	 green-
houses	 for	 cultivating	 vegetables.	 Therefore,	 in	 organic	
horticultural	farms,	organic	fertilisers	based	on	plant	ma-
terial,	e.g.	coarse	meal	of	castor	cake	(castor	wholemeal)	





















tassium	 oxide	 55%	 from	 all	 commercial	 sales	 fertilisers.	
Particular	in	horticulture	digestate	can	be	used	as	organic	
fertiliser	because	of	the	high	demand	for	nutrient	of	most	
of	 the	crops.	Whereas	 in	Vietnam	more	than	50%	of	 the	
digestive	 were	 disposed	 to	 the	 environment	 (Cu	 et	 al.,	
2012).	
	









*Nitrogen	(N)	 0.25	 125,000	t	N	 1.57	Mio.	t	N	 8	
Phosphate	(P2O5)	 0.20	 100,000	t	P2O5	 0.24	Mio.	t	P2O5	 42	




















grass,	 millet,	 cereals	 and	 cereal	 silage;	 Class	 II	 -	 Animal	
waste	as	slurry	and	manure;	Class	III	–	biowaste	from	mu-
nicipalities,	 households	 or	 industry.	 If	 this	 digestate	 are	
analysed	with	a	determined	frequency,	maximum	12	times	
during	one	year,	the	biogas	plant	can	receive	a	quality	cer-







Table 2. The total nutrient content of digestate in kg t-1 fresh matter (FM) mean and range for most important nutrients (Haber 
and Kluge, 2008)  
Nutrients	 *Mean	 **Range	
***ReRawMat		 ****Biowaste	 ***ReRawMat		 ****Biowaste	
Nitrogen		 N	 4.70	 4.80	 3.90	–	5.50	 3.40	–	5.90	
Ammonium	 NH4-N	 2.70	 2.90	 2.10	–	3.30	 2.30	–	3.80	
Phosphorous	 P2O5	 1.80	 1.80	 1.20	–	2.10	 1.20	–	2.40	
Potassium	 K2O	 5.00	 3.90	 3.80	–	6.00	 2.20	–	4.80	
Magnesium	 MgO	 0.84	 0.70	 0.47	–	1.04	 0.43	–	1.00	
Calcium		 CaO	 2.10	 2.10	 1.50	–	2.60	 1.50	–	2.70	








Besides	 this	 plant	 10ha	 greenhouse	 complex	 was	 built	
mainly	for	tomato	and	cucumber	production.	
The	waste	heat	of	 the	biogas	plant	 (7.2	MW	per	year)	 is	
used	for	heating	of	 this	greenhouse	complex.	The	biogas	
plant	is	using	mainly	renewable	raw	materials	as	maize,	Su-
dan	 grass,	Millet,	 Cereal	 silage	 and	 others,	 cultivated	 of	
their	own	3,000	ha	agriculture	land.	There	are	several	bio-









venient	 for	 further	 use	 in	 agriculture	 or	 horticulture	 to	
























2. Materials and methods 
	







plant	 tank	A5EL	was	used.	 In	 the	biogas	plant	only	plant	
material	 as	 rye,	maize,	 Sudan-grass,	 and	millet	were	uti-





Table 3. Nutrient content in the digestate from the biogas 
























the	 previous	 study	 (Hoffmann,	 2011).	 The	 water	 supply	










Table 4. Variants with a supplement of digestate to the sub-
strate for tomato cultivation  
No.	 Fertilization	 Quantity	 Frequency	
1	 Digestate	 *5%	 one	time	
2	 Digestate	 *15%	 one	time	
3	 Digestate	 *25%	 one	time	
4	 Lupine	wholemeal	 50g	 one	time	








Table 5. The total amount of nutrients applied during 70 days 









N	 0.990	 2.723	 4.457	 10.489	
P	 4.152	 3.200	 0.793	 3.250	
K	 13.754	 8.533	 4.261	 16.347	
Mg	 0.358	 0.513	 10.180	 5.404	
Ca	 3.524	 3.834	 4.144	 14.148	
	











priate	 values	 for	 the	 cultivated	 crops	 were	 reached	
through	 dilution	 and	 leaching	 before	 and	 during	 cultiva-






















(Böhme,	 1993)	 the	 required	 amounts	 of	 fertilisers,	 salts,	
and	acids	were	adjusted	on	the	growth	stage.	In	two	vari-





The	 experiments	 with	 digestate	 comprised	 6	 plants	 per	
treatment	(6	replications)	randomly	distributed	and	in	the	
experiment	 with	 sheep	 wool	 pellets	 3	 plants	 (3	 replica-
tions).	 Results	were	 analysed	 using	 the	 one	way	 ANOVA	
which	were	used	 to	 evaluate	 differences	 between	 treat-
ments	at	a	significance	level	of	95%	(P<0.05)	by	SPSS	17.0	
software	 package	 and	 mean	 separation	 was	 done	 by	
Tukey-test.	
	
3. Results and discussion 
	














Table 6. Shoot and leave FM, number of fruits and fruit yield 
of tomato plants cultivated with digestate, lupine wholemeal 









Digestate		5	%	 118.67			b	 218.83	b	 5.00		b	 520.83	ab	
Digestate	15%	 131.00	ab	 281.67	b	 7.33		bc	 739.33	bc	
Digestate	25%	 146.67		a	 353.33	b	 10.17	ab	 936.33	ab	
Lupines		
wholemeal	
145.33			a	 310.67	b		 8.17		bc	 847.83		abc	
Nutrient		
solution	
















Table 7. Nutrient content in the leaves of tomato plants culti-
vated with digestate, lupine wholemeal and nutrient solution 






trient	 solution	 (Table	7),	 as	 it	was	expected	because	 the	






3.2 Tomato in substrate culture with sheep wool 





Figure 1. The yield of tomatoes cultivated in a greenhouse us-
ing perlite and pine bark with mineral and organic (sheep 
wool pellets) fertilisation. Differences are not significant 
(p<0.05). 
In	the	perlite	substrate	-	due	to	the	organic	fertilisation	by	
the	sheep	wool	pellets	 -	 the	total	yield	was	 increased	by	
20.6%,	whereas	a	35.4%	increase	was	achieved	with	bark	
compost.	Inden	and	Torres	(2004)	had	already	reported	an	
	 N	 P	 K	 Ca	 Mg	
Digestate	5%	 1.14	b	 5.25	ab	 29.30	b	 34.72	a	 5.68	b	
Digestate	15%	 1.13	b	 5.19	ab	 27.23	bc	 27.47	a	 5.14	b	
Digestate	25%	 1.31	b	 5.57		b	 33.05	b	 32.55	a	 5.96	b	
Lupines		
wholemeal	
1.93	b	 4.78	c	 20.41	c	 31.88	a	 6.28	b	
Nutrient		
solution	 3.96	








ganic	material.	Probably,	 there	 is	a	 relationship	between	










Table 10. Nutrient content of tomato fruits cultivated in perlite and bark compost affected by the addition of 100g sheep wool 












-		 90.31	 103.19	 96.26	 96.07	 <500	
P	 18.73	 20.28	 19.21	 18.31	 25	
K	 242.75	 236.71	 257.57	 244.81	 295	
Mg	 9.66	 9.84	 11.06	 9.70	 20	
Ca	 6.08	 5.47	 5.20	 5.48	 14	










added	 to	 the	 substrate	 can	 be	 recommended.	 The	 fre-
quency	of	fertilization	and	amount	of	digestate	adding	to	








on	 the	 cultivation	 period	 and	 are	 more	 pronounced	 in	
crops	with	 longer	 cultivation	 time	 because	 the	 nutrients	
are	slowly	available.	Further	research	 is	necessary	 in	 this	
regard.	 The	 first	 results	 are	 encouraging	 to	 investigate	
other	 expectable	 effects	 by	 using	 sheep	wool	 pellets	 re-
garding	the	stimulation	of	microbial	activity	and	 increase	
of	 nutrient	 availability	 (IfN,	 2008).	 Furthermore,	 experi-
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